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SUMMARY

The Lincoln Laboratory n*/p/p* GaAs shallow homojunction cell
structure (ref. 1) has been successfully demonstrated on 2- by 2-cm GaAs
substrates (ref. 2). Air mass zero efficiencies of the seven cells produced
to date have ranged from 13.6 to 15.6 percent. Current-voltage (I-V)
characteristics, spectral response, and Ig.-V,. measurements have been
made on all seven cells. Preliminary analysis of 1-MeV electron radiation
damage data indicate excellent radiation resistance for these cells.

INTRODUCTION

The compound semiconductor GaAs has several physical properties that
make it a potentially useful material for space solar-cell applications.
Because GaAs has a direct band gap, the absorption length for nea band gap
sunlight in a single-crystal of the material is only about 2 um (ref. 3), or
approximately a factor of 100 shorter than that in silicon. As a result,
the solar-cell active layer thickness can be reduced to a few micrometers.
In addition, GaAs solar cells should exhibit excellent radiation resistance
in space since, in principle, it is possible to have minority carrier
diffusion lengths that are several times greater than the absorption
length. As a result, photocurrent colliection should not be significantly
affected until relatively large space radiation fluences have been
accumulated. Radiation damage data for GaAs solar cells in general are
sparse, although results for the LPE (liquid-phase epitaxy) —grown p/n
heteroface cell are becoming more available (e.g., refs. 4 to 8). By
comparison, data on the VPE (vapor-phase epitaxy) -grown n*/p/p* shallow
homojunction cells exist only for relatively small area (0.5 cm2) cells
(ref. 9). In the present work six 2- by 2-cm cells, fabricated at the
Lincoln Laboratory under NASA Lewis Contract C-30969-D, have been irradiated
with 1-MeV electrons at five fluences from 1013 to 1015 e-/cm?.
Current-voltage, spectral response, and Ig.~Vye measurements were made
on each cel] after each irradiation. The irradiations were performed using
the Lewis Research Center's Dynamitron Accelerator.
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RESULTS AND DISCUSSION

Table I contains the pre-irradiation values of short-circuit current
Igc, open-circuit voltage Ve, maximum power Py, fill factor FF,
and AMO efficiency n of each of the cells used in this study. A1l cells
have 0.05-um-thick n* layers doped with sulfur to ~5x1018 cm3,
0.085-um-thick anodic oxide antireflection (AR) coatings, electroplated tin
contacts on the front surface, and an electroplated gold contact on the back
surface. Thicknesses of the p and p* regions varied from cell to cell, as
did the zinc concentration in the p region. The p* regijon, also zinc
doped, is approximately the same for all cells at 5x1018 ¢p=3, Figure 1
shows the basic cell structure without AR coating and contacts.

Figure 2 is a plot of normalized short-circuit current as a function of
fluence for the best and worst cases among the six cells. Degradation after
1015 e-/cm? 1-MeV electrons ranged from 10 to 20 percent of
beginning-of-Tife (BOL) currents. Spectral response measurements show
clearly that, as expected, degradation occurs only at the longer wavelengths
(see fig., 3). Figure 4 is a plot of normalized open-circuit voltage as a
function of fluence again for the same two cells of figure 1. As shown, the
cell with the least current degradation exhibits the greatest voltage
degradation, a result not yet fully understood. Relative degradation after
p = 1015 ranged from Y to 16 percent for the six cells. The degradation
of normalized maximum power is shown in figure 5. Relative degradation
ranged from 24 percent in the best case to 30 percent in the worst case at
the maximum fluence, Figure 6(a) contains the I-V characteristics at 6 =0
and ¢ = 1015 e-/cm? for the cell with the greatest degradation in
Isc. As shown in the figure, there was a slight decrease in fill factor
at the highest fluence. Figure 6(b) contains the I-V characteristics for
the cell with the least degradation in Igc (and Py) for comparison.

Figure 7 is a typical plot of Ig. versus Vg. for the cells used in

this study at ¢ = 0 and 1015 e—jcmZ. Shunt resistances were

typically on the order of 10 ohms for these cells. Figure 8 is a plot

of Ige-Vpe for cell 5426. The Igc-Voc data are obtained by

varying tﬁe intensity of the light source to obtain a range of short-circuit
currents comparable to dark forward bias currents. The data are thus
automatically corrected for the series resistance of the cell. The data of
figure 8 indicate a large current in the generation-recombination regime of
the Ige-Vge characteristic. The shunt resistance of this cell was
estimated to be on the order of 500 ohms.

- Figure 9 is a plot of the electron damage coefficient for p-type GaAs
as a function of p-layer doping density, calculated from electron radiation
damage data to smalli-area, shallow-homojunction cells (ref. 2). Similar
calculations are in progress with data obtained from the 2- by 2-cm cells of
this work, and indicate agreement with the data of figure 9.
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CONCLUSION

The shallow homojunction n*/p/p* GaAs solar cells tested in this
study show good resistance to 1-MeV electron irradiation. Although the
n*/p/p* structure has not yet been optimized for maximum BOL performance
and maximum radiation resistance, cells produced to date are comparable to
the best GaAs p/n cells of similar BOL efficiencies. Careful attention to
optimization of the cell structure should yield cells with improved
radiation resistance over the cells reported here
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TABLE I. - CELL PARAMETERS

Cell | Short- Open- Maximum | Fil1l Air mass
cireuit | circuit power, | factor, | zero effi-
current, | voltage, Pms FF ciency,

ISC’ VOC m LK)
A percent

5239 | 0.1088 0.961 81.82 78.2 14.9

5245 .1034 .983 82.56 81.2 15.1

5340 .0976 .970 73.56 77.7 13.4

5344 .1074 .984 85.46 80.8 15.6

5348 | .1020 .992 82.40 81.4 15.0

5426 .1045 .987 80.90 78.4 | 14.8
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FIGURE L. SHALLOW HOMOJUNCTION CELL STRUCTURE.
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FIGURE 2. SHORT-CIRCUIT CURRENT DEGRADATION (NORMALIZED).
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FIGURE 3. SPECTRAL RESPONSE, N/P/P° GAAS CELL.
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Figure9. A plot of damage coefficient Kyd as a function of doping levels in
p-type GaAs.
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